
The Bakery Algorithm Invariant

Here is the inductive invariant I found that is implied by Init and implies
MutualExclusion.

TypeOK
∆
= ∧ num ∈ [Procs → Nat ]
∧ flag ∈ [Procs → boolean ]
∧ unchecked ∈ [Procs → subset Procs]
∧max ∈ [Procs → Nat ]
∧ nxt ∈ [Procs → Procs]
∧ pc ∈ [Procs → {“ncs”, “e1”, “e2”, “e3”,

“e4”, “w1”, “w2”, “cs”, “exit”}]

Before(i , j )
∆
= ∧ num[i ] > 0
∧ ∨ pc[j ] ∈ {“ncs”, “e1”}
∨ ∧ pc[j ] = “e2”
∧ ∨ i ∈ unchecked [j ]
∨max [j ] ≥ num[i ]

∨ ∧ pc[j ] = “e3”
∧max [j ] ≥ num[i ]

∨ ∧ pc[j ] ∈ {“e4”, “w1”, “w2”}
∧ 〈num[i ], i〉 ≺ 〈num[j ], j 〉
∧ (pc[j ] ∈ {“w1”, “w2”})⇒ (i ∈ unchecked [j ])

Inv
∆
= ∧ TypeOK
∧ ∀ i ∈ Procs :
∧ (num[i ] = 0) ≡ (pc[i ] ∈ {“ncs”, “e1”, “e2”, “e3”})
∧ flag [i ] ≡ (pc[i ] ∈ {“e2”, “e3”, “e4”})
∧ (pc[i ] = “w2”)⇒ (nxt [i ] 6= i)
∧ pc[i ] ∈ {“e2”, “w1”, “w2”} ⇒ i /∈ unchecked [i ]
∧ (pc[i ] ∈ {“w1”, “w2”})⇒

∀ j ∈ (Procs \ unchecked [i ]) \ {i} : Before(i , j )
∧ ∧ (pc[i ] = “w2”)
∧ ∨ (pc[nxt [i ]] = “e2”) ∧ (i /∈ unchecked [nxt [i ]])
∨ pc[nxt [i ]] = “e3”

⇒ max [nxt [i ]] ≥ num[i ]
∧ (pc[i ] ∈ {“cs”, “exit”})⇒ ∀ j ∈ Procs \ {i} : Before(i , j )
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